The subject of the paper is statistical analysis of noise measurement results in control research of environment which is crucial for the process of identication, estimation, and interpretation of the characteristics of representative noise indicators. The proposed approach is based on robust methods of statistical analysis. In particular, the method of modeling measurement results with the use of autoregressive-moving average (ARM A) time series models is described. The subjects of identication, analysis, and connected matter of verication that occur during proposed mathematical formalization of considered problem are stated. Furthermore, the question of the validity and usability of normal distribution approximation, which is very common in modeling and estimation of the expected value of the equivalent sound level, is addressed. The illustration of the proposed methodology is represented by an example of the noise analysis from the permanent monitoring in the city of Kielce. The obtained results create the background for uncertainty of estimates of calculation concerning controlled noise indicators that describe the state of acoustic environmental threats.
Introduction
The issue of risk related to evaluation of environmental acoustic threat is a subject of statutory [13] obligations that necessitate the implementation of statistical tests which are associated with the selection of appropriate methods of predicting acoustic risks in the analyzed eld. The range of measuring and computing conditions that specify how to estimate the expected value of the controlled noise indicator, as well as the method of its uncertainty evaluation, is connected with the realization of these processes. The current estimation procedures of controlled noise indicators are derived from the classical methods of statistical inference for independent observations. The estimation [4] of their characteristics is based on the assumptions of the equivalence of the random control sample's results, on the fact that probability distribution of their occurrence's results is normal, and on the condition that the subsequent measurement observations x i , i = 1, . . . , n are uncorrelated with each other and therefore (in Gaussian case) independent. In the the environment acoustic threat's control, implemented on the basis of random checks, these assumptions are used without further analysis and discussion about their credibility. This applies mainly to the issue of the validity of assumption on normal distribution of noise level measurement results, as well as to the lack of correlation between them. The rst one, derived from the physical properties of the measured value, is generally dicult to accept, and the other is unreliable due to the frequent appearance of * corresponding author; e-mail: batko@agh.edu.pl interference in measurement with relatively large levels aecting the results of the subsequent sample. These concerns were a premise to undertake a statistical analysis of the results of measurements of equivalent noise level L A,eq,i , i = 1, . . . , n, using a dierent method of modeling the random sample results [5, 6] , which is crucial in the selection of the appropriate approximation and also allows an estimation of the expected value and variance of the controlled noise indicator. The aim of the study is to perform a critical analysis of the current method of the equivalent noise level estimation during verication process on the basis of classical statistical methods and propose application of robust statistical methods which promise better results. The matter of question of how reasonable is an approximation based on normal distribution assumption for the noise measurement variability for dierent degrees of aggregation of measurement results via calculation of the equivalent noise level is evaluated.
Monitoring of acoustic threats to environment
The program of the monitoring of acoustic threats to environment is associated with the measuring instrumentation which is used mainly during control tests. It is determined by the microphone probe, with a calibration, digital recording, and noise analysis systems (along with their software and with solutions guaranteeing the adequate transfer of archived data to the appropriate decision-making level). 
The yearly-average noise indicators are estimated on the basis of the following formula 
where {u t } ∼ W N 0, σ 2 u which is white noise with mean 0 and variance σ 2 u . The process {x t , t ∈ Z} is called ARM A(p, q).
The attention is directed to stationary time series models which can be well approximated by the use of ARM A(p, q) models. In the classical approach to identication and estimation of ARM A processes, the method of construction based on likelihood function for the considered models and methods based on a comparison of the estimated models using information criteria (i.e. Akaike, Schwarz) are used predominately. However, they require additional assumptions about the distribution of the random error. Generally, it is assumed that it is a zero-mean Gaussian white noise. This assumption will be adopted throughout this paper. The selection of the appropriate ARM A(p, q) process model is connected with the choice of order of q corresponding to the moving average part of the process, and p corresponding to autoregressive part of the process. It is usually made on the basis of the value of information criterion, e.g. Akaike. Technical details of classical estimation procedure can be found e.g. in [8] or [9] . The last step of this procedure is to check whether the model residuals follow the normal distribution. There are many types of tests for normality. In this paper, in the empirical studies, the Jarque-Bery test for normality (see [10] ) was used. It is based on two characteristics of empirical distributions, that is the skewness and the kurtosis, which are compared with theoretical parameters of the normal distribution.
One of the possible ways of robust estimating of parameters of ARMA's models is known as F τ -estimation, introduced by [1113] . The description of the procedure will follow these references. According to them, it is assumed that we observe realization of the following process
where v t is a outlyingness process and x t is ARM A(p, q) process, where random variables u 1 , . . . , u T are independent and normally distributed N 0, σ 
It is well known that the MLE estimator is very sensitive to presence of outliers. To make MLE estimator more robust, we can replace Q (λ) by
where s is a τ scale parameter estimator dened in [14] .
In order to improve the properties of the estimator, Bianco and others (see [11] ) proposed to replace the residualsû t with the ltered residualsũ t based on the procedure of the modication of a state space representation of the process. Technical details of this method can be found in [11] . The estimator λ = max λ (Q * τ (λ)), where
is called the estimator of the method of ltered τ estimation, F τ estimator for short.
The procedure above can be completed using robust test of the normality of residuals. It is well-known that the classic Jarque-Bera ( [10] ) normality test is, as based on the central moments of the empirical distribution of data, non-robust. In the literature there are several proposals to modify the Jarque-Bera normality test in order to make it more robust (see [15, 16] These measures can be dened as follows:
where h (
Null and alternative hypothesis are the same as in the Jarque-Bera normality test. Test statistic takes, under H 0 , the following form
where w = (M C n LM C n RM C n ), ω = (0 0.199 0.199) , Table III .
The result of robust test of normality (Jarque-Bera type, as proposed in [15] ), p-value of 0.5976585, ultimately conrms white noise type and Gaussian nature of the considered time series. However, the estimation process of the parameters of the process, due to presence of outliers, should be based on robust statistical methods.
In this case, it is justied to use statistical methods for independent observations, such as calculating the sam- • From the forecasting point of view, time series of one-minute equivalent sound level would be a much better choice. However, the analysis of this type of series requires the use of methods derived from the time series analysis (dependent observations) and robust statistics. The classical statistical procedure of analysis of monitoring data in the form of time series equivalent noise level can lead to serious errors. Using robust methods is a better alternative.
• In the process of statistical inference, signicant attention is to be paid to the process of data aggregation via calculation of equivalent noise level time series. There is a general tendency associated with data aggregation, namely, with the transition to the more aggregate time series by averaging (L A,eq,T )
we get simpler models. Dependencies between observations are becoming weaker.
Results obtained from the study are important indications for the process aimed to select an appropriate model approximation, describing the mechanism of subsequent ratings control variations. They form the basis for further considerations that can go in the following directions:
• Robust analysis of time series of dierent noise indicators used directly by the regulatory authorities (long-term indicators).
• The development and implementation of robust methods for identication of a time series model.
